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Animal Model of Isolated Gonadotropin Deficiency
II. Morphologic Responses to LHRH Immunoneutralization
HUGH F. ENGLISH, BRUCE D. SCHANBACHER, DOUGLAS GROSS,
MICHAEL F. WALKER, RICHARD E. FALVO, AND RICHARD J. SANTEN
Morphologic changes in the male reproductive system
of mongrel dogs immunized against LHRH were quan-
titated using linear measurements and morphometric
techniques at the light-microscopic level. Two experi-
mental groups (5 nonimmunized control animals and 5
actively immunized animals) were killed 12 weeks after
the primary immunization. No significant differences
were observed between three immunized dogs having
low LHRH antibody titers (immunized-unaffected) and
the five nonimmunized control dogs. The two inimu-
nized dogs (affected) with the highest antibody titers
against LHRH were characterized by atrophy and de-
differentiation of the testes, prostate, and excurrent
ducts. The morphologic changes in the testes of these
two dogs were striking and included an apparent arrest
or significant reduction in the spermatogenic process,
concurrent epithelial degeneration, and apparent dim-
inution of Leydig cell mass. Drastic reductions in the
size of the prostatic acini and epithelial cells, as well
as loss of secretory granules, reflected depression of
function and androgen production. Similarly, in the
excurrent ducts decreases in the measured parameters
and loss of regional cytoplasmic specialization denoted
functional decrescence. This study demonstrates the re-
gressive effects of LHRH immunoneutralization on the
morphology of the reproductive system in the male dog
and further supports the feasibility of this system as an
animal model for the study of isolated gonadotropin
deficiency.
Key words: hypogonadotropic-hypogonadism, LHRH,
dog, immunohypophysectomy, testis, prostate, excur-
rent ducts.
The morphologic and endocrine effects of active
immunization against LHRH have been examined
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in several species, the rat (Fraser et al, 1974b, Shiota
et al, 1981), rabbit (Arimura et al, 1973), ram
(Schanbacher, 1982), bull (Robertson et al, 1979),
and monkey (Chappel et al, 1980). The companion
paper (Schanbacher et al, 1983) describes endo-
crine changes following LHRH immunization in
the canine as a model for isolated gonadotropin
deficiency. The dog was chosen for this study since
the canine model circumvents or lessens certain
difficulties inherent in the use of other species. Fa-
vorable attributes in the dog include availability,
docility, and sufficient size to facilitate frequent
blood sampling as well as administration of exper-
imental agents. Furthermore, the endocrine phys-
iology (DePalatis et al, 1978; Falvo et al, 1979) and
morphology of the testis (Connell and Chris-
tensen, 1975; Foote et al, 1972) and prostate (Au-
muller et al, 1980) have been characterized in this
species. The present study complements the com-
panion paper (Schanbacher et al, 1983) by de-
scribing in detail the morphologic alterations elic-
ited by LHRI-I immunoneutralization in the male dog.
0196-3635/83/070010240/$01.20 © American Society of Andrology
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Animals
Materials and Methods
Ten sexually mature male mongrel dogs weighing 16-
22 kg and having normal palpable testes were housed
individually in rooms with controlled environment at
The Milton S. Hershey Medical Center Animal Care Fa-
cility and were provided Purina dog chow and water ad
libitum as previously described (Schanbacher et al, 1983).
The animals were assigned initially to one of two groups:
LHRH-immunized dogs (A-E) and control dogs (F-J).
Immunization Against LHRH
LHRH that had been conjugated to human serum al-
bumin (hSA) by the carbodiimide reaction (Fraser et al,
1974a) was emulsified by sonication in equal volumes of
sterile saline and Freund’s complete adjuvant (Difco
Laboratories, Detroit, MI). Dogs A-E were each given
200 pig of the LHRH-hSA conjugate subcutaneously as
described previously for ram lambs (Schanbacher, 1982).
Booster injections of 200 pig LHRH-hSA in Freund’s in-
complete adjuvant were given to each dog 4 and 8 weeks
after the initial immunization.
Histologic Procedures
Testis. When the dogs were scheduled to be killed
(week 12 after initial immunization, dogs A-E), they were
deeply anesthetized with Nembutal. The right testis was
exposed by scrotal incision, removed, weighed, and fixed
by gravity perfusion for 20 minutes via the tunical tes-
ticular artery with 0.2 M S-collidine buffered 5% glutar-
aldehyde (200 ml) preceded by a brief saline wash (Ramos
and Dym, 1977). After perfusion thin slices of tissue
were removed from the cranial, middle, and caudal areas
of the testis, diced into smaller pieces (1.5 mm3), and
placed in fresh fixative. After 2 hours of primary alde-
hyde fixation, the tissue was washed in 0.2 M S-coffidine
buffer and postfixed for 1 hour in 1% osmium tetroxide.
The tissue was then dehydrated through a gradient of
ethanol and embedded in Epon 812.
Prostate. Immediately after removal, the prostate was
weighed, fixed with 4% paraformaldehyde and 5% glu-
taraldehyde (Karnovsky, 1965) diluted 1:1 with 0.1 M
cacodylate buffer, pH 7.3, at 4C. Thin longitudinal slices,
from urethra to periphery, were obtained and placed in
a small quantity of fresh fixative on a clean piece of
dental wax. Smaller slices of tissue from the central zone
were removed, diced into cubes (1.5 mm3), and placed
in fresh fixative. After a total primary fixation time of 2
hours the tissue cubes were washed in 0.1 M cacodylate
buffer, postfixed in 1% osmium tetroxide buffered with
0.1 M cacodylate, and processed further as described
above.
Excurrent ducts. The excurrent ducts were removed and
placed in the fixative (paraformaldehyde-glutaralde-
hyde described above). They were then divided into the
regions of interest, including ductuli efferentes, caput,
corpus, and cauda epididymis. After 15 minutes, each
area was diced into cubes (1.5 mm3) and placed in fresh
fixative. Total primary fixation time was 2 hours with
subsequent processing identical to that described for the
prostate.
Thick sections (1 p.m) were obtained with a glass knife
on a Porter-Blum MT2-B ultramicrotome and were stained
wtih toluidine blue in 0.5% sodium borate. Light micro-
graphs were obtained on a Zeiss light microscope with
plan apo objectives and equipped for bright-field 4 x
5” photomicrography.
Morphometric Analysis: Testis
The volume density of three testicular components
(seminiferous tubules, Leydig cells, and interstitium) was
determined by point-counting methods (Weibel and Bol-
ender, 1973). For every animal three tissue blocks from
each of the three testis sampling areas were randomly
selected, sectioned, mounted on glass slides, and stained
as described above. Random orientation of the tissue
pieces was achieved during the course of processing.
The sections were oberved in a Leitz Dialux microscope
(objective magnification, 40 x) and with a micrometer
disc grid (10 x 10 squares, 121 line intersection points)
inserted into the ocular. The tissue section and grid were
simultaneously viewed, and each line intersection point
was scored as to the selected testis component upon
which it was optically superimposed. Point counts by
systematic random sampling (Weibel, 1969) were made
on five to 20 grid areas per section to achieve standard
errors of <10% of the mean (Bolender, 1978). The volume
density of each selected testicular component was cal-
culated by dividing the total number of points counted
for that animal by the number of points scored over the
component of interest. The relative mass of the compo-
nent was then estimated by multiplying the weight of
the testis by the volume density of that component
(Ewing et a!, 1979).
Linear Measurements: Testis, Prostate,
Excurrent Ducts
The diameters of round or nearly round profiles of
tubules were measured by optically superimposing a
stage micrometer calibrated ocular reticle on the spec-
imen, in sections of testis, prostate, ductuli efferentes,
caput, corpus, and cauda epididymis from each animal
utilized in this study. Each tubular profile was measured
twice, at right angles, and the mean of the two mea-
surements was recorded. Prostate acinar diameter was
determined in the same fashion. Measurements were
obtained for each area until the SE was less than 10% of
the mean. Epithelial height was obtained by single mea-
surements but with the same equipment and sample
size requirements.
Results
Testis Response to LHRH Immunization
Striking reductions in reproductive organ sizes
and weights were noted in two immunized (af-
fected) animals, while three immunized dogs re-
mained unaffected (immunized-unaffected). The
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nonimmunized-control and immunized-unaf-
fected animals did not differ in any measured pa-
rameter and thus are considered together.
The large seminiferous tubuli and scant intersti-
hum characteristic of control animals (Fig. 1A) were
replaced in the affected animals by small, solid
cords of cells dispersed in a greatly expanded in-
terstitium (Fig. IB). Linear measurements of sem-
iniferous tubuli diameter indicated a reduction (Fig.
2) of the seminiferous tubular diameter by 53% in
affected animals as compared to control animals.
The peripheral margins of the tubuli were often
irregular with an associated thickened, amorphous
basal lamina. The seminiferous epithelium con-
sisted primarily of Sertoli cells and fewer sper-
matogonia. Cells displaying the classic chromatin
pattern of leptotene and pachytene spermatocytes
were present, but they contained irregular cyto-
plasmic vacuoles, were lighter staining than
normal, and displayed a general swelling of both
the nucleus and cytoplasm. No spermatids were
encountered in either affected animal. Corre-
spondingly, no lumina were present; instead, the
central tubular area was occupied by extensions of
the Sertoli cells with a resulting fibrillar appear-
ance. In addition to the pachytene spermatocytes,
other cells were occasionally encountered that, on
the basis of their dense character and vacuolated
cytoplasm, were interpreted as undergoing degen-
eration. Characteristic features of the Leydig cells
in the control animals included a spheric nucleus
with heterochromatic rim, prominent nucleolus,
and cytoplasmic lipid inclusions. In contrast, these
cells in affected animals contained small, very
dense, and often indented nuclei. The cytoplasmic
volume appeared to be reduced but filled with nu-
merous tightly packed lipid inclusions.
The volume density (Fig. 3) of the seminiferous
tubules decreased by 38%, which, when compared
with that of control animals, translated into an 82%
reduction in estimated mass. Correspondingly, the
volume density of the interstitial compartment in-
creased by 286%; however, in terms of estimated
mass, this represented an increase of only 16%.
Leydig cell volume density was found to increase by
42%, although when estimated mass was calculated,
this actually represented a 56% decrease.
Prostate Response to LHRH Immunization
The prostates of control and immunized-unaf-
fected animals (Fig. 1C) consisted largely of acinar
secretory units lined by columnar epithelial cells
with aggregations of apical dense granules. Mean
epithelial height was 23.2 p.m. with an acinar di-
ameter of 136 p.m (Fig. 4). In the affected animals
(Fig. 1D) the secretory units were markedly dimin-
ished, with a greater proportion of the microscopic
field occupied by prostatic interstitium. The cu-
boidal epithelial cells contained few granules and
were primarily arranged as solid cords with acinar
lamina occasionally present. Compared with the
control animals, the mean epithelial height of 10.2
p.m represented a decrease of 56%; similarly, the
acini diameter declined 76%, to 32.1 p.m (Fig. 4).
Excurrent Ducts Response to LHRH Immunization
When compared with those of control and im-
munized-unaffected animals, linear measurements
of excurrent ducts in the affected animals indicated
a marked attenuation in their structure (Fig. 5),
corresponding to the diminution observed during
anatomic procurement. In the affected animals the
overall length of the excurrent duct system was
reduced by 33%, the width of each epididymal seg-
ment by an average of 50%, and the total weight
of 77%.
Moderate variation was encountered in the ep-
ididymal linear measurements of the control and
immunized-unaffected animals (Fig. 5), perhaps
reflecting imprecise parallel tissue sampling within
the primary regions of interest. Significant decre-
ments in the epithelial height of all tissues, with
the exception of the cauda epididymis, were ob-
served in the affected animals. Immunizations di-
rectly or indirectly evoked a decrease in epithelial
height of 53% and in tubule diameter of 63%.
The principal epithelial cells lining the proximal
portion of the ductuli efferentes in control and im-
munized-unaffected animals contained prominent
accumulations of empty-appearing vacuoles (Fig.
1E), but these structures in the affected animals
were notably absent (Fig. iF). Similarly, accumu-
lations of dense supranuclear granules character-
istic of a zone in the normal caput, as well a vac-
uoles in clear cells of the cauda, were absent in the
affected animals.
Discussion
Immunization against a hSA-LHRH conjugate
produced striking alterations of the seminiferous
epithelium in two of the five treated dogs (ie, C
I
I
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Fig. 1. Light micrographs. A. Control testis (magnification x 460). B. Testis of affected dog D (magnification x 420). C. Control
prostate (magnification x 360). D. Prostate of affected dog D (magnification x 440). E. Control proximal ductuli efferentes (magni-
fication x 460). F. Proximal ductuli efferentes of affected dog C (magnification X 440).
243
- -i
4
I’.’ .AZ*-
‘T.
‘- .?.a11& 4,
-‘--- T-:
250
200
150
100
‘Ii
50
AFFECTED
244 Journal of Andrology #{149}July/August 1983 Vol. 4
SEMINIFEROUS TUBULE DIAMETER (jj)
CONTROL IMMUNIZED- AFFECTED
UNAFFECTED
Fig. 2. Effect of LHRH immunoneutralization on seminif-
erous tubule diameter. Mean ± SEM (gm, ordinate) for the 3
experimental animal groups: control, immunized-unaffected,
and affected. Measurements for the affected animals are shown
individually (dog C, left; dog D, right).
and D). Interestingly, these same dogs were char-
acterized by reasonably high antibody titers to
LHRH and low to nondetectable serum concentra-
tions of LH and testosterone (Schanbacher et al,
1983). Extensive cell loss and curtailment of sper-
matogenic function were evidenced by the col-
lapsed appearance and reduced diameter of the
seminiferous tubuli, the diminution of volume
density and relative mass of this compartment, the
absence of spermatids, and the disappearance of
sperm from the excurrent ducts. While the volume
density of the interstitium increased more than
twofold, the estimated mass increased only slightly,
indicating merely relative space expansion at the
expense of the seminiferous tubule compartment.
These changes resemble the histologic appearance
fo the testis in patients with incomplete forms of
isolated gonadotropin deficiency (Paulsen et al,
1970).
VOLUMETRIC COMPOSITION OF TESTIS
CONTROL IMMUNIZED-
UNAFFECTED
Fig. 3. Volumetric composition of testis. The effect of LHRH
immunoneutralization on the volume density of 3 testicular
components, seminiferous tubuli (solid and cross-hatched area),
Leydig cells (stippled area), and interstitium (open area). Ex-
perimental animal groups are indicated, and quantitations for
the affected animals are shown individually (dog C, left; dog
D, right).
Similar morphologic changes have been re-
ported for LHRI-I-immunized males of several spe-
cies ie, rat (Fraser et al, 1974b; Shiota et al, 1981),
rabbit (Arimura et al, 1973), monkey (Chappel et
al, 1980), and ram lambs (Schanbacher, 1982). The
previously reported morphologic observations have
been restricted to the testis and relevant quanti-
tations limited to comparisons of organ weights.
While there is general agreement that testicular
morphology is altered, some variation exists as to
the extent to which this occurs. For example, in all
species examined the seminiferous tubuli ap-
peared to be smaller and the number of germinal
cells reduced as compared with nonimmunized
control animals. In the case of the rat (Fraser et al,
ACINAR DIAMETER (j.)
Fig. 4. Effect of LHRI-I immunoneu-
tralization on prostatic epithelial height
(left) and acinar diameter (right). Mean
± SEM (pim, ordinate) for the 3 exper-
imental animal groups. Measurements
for the affected animals are shown in-
dividually (dog C, left; dog D, right).
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1974b) the germinal cell population was restricted
to Sertoli cells and spermatogonia, whereas in the
monkey (Chappel et al, 1980) spermatocytes and
spermatids were present but infrequently oberved.
Which of the observed morphologic effects might
reflect testosterone depletion exclusively is spec-
ulative. The primary importance of testosterone in
the qualitative and quantitative maintenance of
spermatogenesis has been established (Stein-
berger, 1971), and it follows that depletion of this
hormone significantly contributed to the described
Fig. 5. Effect of LHRH immunoneu-
tralization on epithelial height and hi-
bule diameter in regions of the excur-
rent duct system. Mean ± SEM (pim,
ordinate) for the 3 experimental animal
groups. Measurements for the affected
animals are shown individually (dog C,
left; dog D, right).
I
testicular changes. The absence of spermatids and
the degenerative appearance of the pachytene
spermatocytes correlate well with similar obser-
vations by Dym and Madhwa Raj (1977) on the
early effects of testosterone depletion achieved
through immunization against LH.
The possibility that additional factors, eg, FSH,
may also have contributed to the diminution of
spermatogenesis in affected animals cannot be ex-
eluded. Several lines of evidence suggest that FSH
modulates spermatogenesis. Receptors for FSH are
246 Journal of Andrology July/August 1983 Vol. 4
present in spermatogonia and Sertoli cells (Orth
and Christensen, 1978; Means et al, 1976), and ex-
ogenously administered FSH can depress the rate
of normal spermatogonial degeneration (Means,
1975). In both of the affected animals in the present
study, pachytene spermatocytes persisted. Assay
data presented in the authors’ companion publi-
cation indicated that after 12 weeks of immuniza-
tion, circulating levels of FSH were depressed but
still present in both animals. If FSH does con-
tribute to spermatogenesis, the presence of pachy-
tene spermatocytes in affected animals may reflect
FSH levels sufficient to preserve some degree of
spermatogonia! maturation or initiation.
Alternatively, compelling evidence exists indi-
cating that sufficiently high amounts of testos-
terone alone can maintain spermatogenesis at
normal or nearly normal levels (Clermont and
Harvey, 1967; Desjardins et al, 1973; Steinberger,
1971). Although peripheral testosterone levels in
the affected animals were exceedingly low, the
possibility that intratesticular concentrations were
sufficient to permit continued but reduced sper-
matogenesis cannot be ruled out. If this is the case,
however, the absence of any cells beyond pachy-
tene spermatocytes or spermatozoa in the excur-
rent ducts is difficult to explain.
As expected, the morphology of the Leydig cells
was significantly altered by immunization against
LHRH. Undoubtedly, this was due largely to LH
depletion, as described changes in Leydig cell nu-
clei, cytoplasm, and volume agree with similar
changes noted previously by Dym and Madhwa
Raj (1977) in rats immunized against LH. These
authors found, upon examination at the electron-
microscopic level, notable reductions in nudear size
as well as in the amount of smooth endoplasmic
reticulum. In the present study the increase (42%)
in volume density of Leydig cells can be explained
by the relative decrease in seminiferous tubule
volume density. More relevant to depressed func-
tion, however, was the 56% decrease in estimated
Leydig cell mass. Although cell loss may have been
a contributing factor, reductions in the nucleus and
cytoplasm, as reported by Dym and Madhwa Raj
(1977), can account for a significant portion. The
similarity of a 56% decrease in estimated mass in
the present study when compared with the 49%
reduction in Leydig cell area reported by Dym and
Madhwa Raj (1977) supports this conclusion.
The morphologic changes and reductions in
measured parameters in the prostate can be attrib-
uted to depletion of testosterone (Price and Wil-
liams-Ashman, 1961). Absence of the prominent
accumulations of secretory granules accounted for
a portion of the reduction in cell size. Electron-
microscopic studies of androgen-deprived invo-
luted prostates in other species (rat, Dahl and
Kjaerheim, 1973) describe reductions in other cy-
toplasmic organelles as well, ie, rough endo-
plasmic reticulum and nuclear diameter. In addi-
tion, cell loss (apotosis) is a well-described phe-
nomenon in prostatic involution (Kerr and Searle,
1973). Although no direct evidence for apotosis is
presented in the present study, the extensive na-
ture of the reported reductions suggests that dele-
tion of cells may have occurred.
The regressive effects of surgical castration on
the morphology and physiology of the excurrent
ducts are well established (Maneely, 1958; Jones
and Glover, 1973). Reversal of morphologic regres-
sion can be partially achieved by subsequent ad-
ministration of exogenous testosterone (Cavazos,
1958). However, as was recently emphasized by
Fawcett and Hoffer (1979), the initial segments of
the excurrent ducts in the rat fail to recover com-
pletely. This failure was ascribed to the absence of
luminal androgens and/or some other testicular
factor. In view of this, it is likely that the altered
morphology reported in the present study resulted
primarily from androgen depletion, but the ab-
sence of other testicular factors may have contrib-
uted also. Furthermore, the absence of certain cy-
tologic features, characteristic of specific cellular
processes and regional morphology also, sug-
gested curtailed function. The example presented
herein is the absence of large, empty-appearing
vacuoles in the principal cells of the ductuli effer-
entes. In other species these structures have been
found to be active in endocytosis (Yokoyama and
Chang, 1971), and this may be true in the dog as
well. If this is the case, it is interesting that the
presence of fluid in the lumen, as indicated by lu-
minal patency, would offer a medium for con-
tinued endocytosis if this activity is of a nonspe-
cific nature and not dependent on testicular func-
tion.
Results of the present study indicate that im-
munoneutralization of LHRH in the sexually ma-
ture mongrel dog results in extensive morphologic
alterations of the reproductive system. These al-
terations include general atrophy, cell loss, and de-
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differentiation. Complementary endocrine data and
currently existing information suggest that the
morphologic changes were elicited primarily in re-
sponse to testosterone depletion (Schanbacher et
al, 1983). However, the direct consequences of hy-
pogonadotropism and of the LHRH antibodies
cannot be ruled out.
Acknowledgments
The authors thank Dr. Martin Dym for use of his photomi-
croscopic facility and Mrs. Marlene Thompson for her excellent
assistance in manuscript preparation.
References
Arimura A, Sato H, Kumasaka T, Worobec RB, Debeljuk L,
Dunn J, Schally AV. Production of antiserum to LH-re-
leasing hormone (LH-RH) associated with gonadal atrophy
in rabbits: Development of radioimmunoassays for LH-RH.
Endocrinology 1973; 93:1092-1103.
Aumuller G, Stofft E, Tunn H. Fine structure of the canine
prostatic complex. Anat Embryol (Berl) 1980; 160:327-340.
Bolender RP. Correlation of morphometry and stereology with
biochemical analysis of cell fractions. Int Rev Cytol 1978;
55:247-289.
Cavazos LF. Effects of testosterone propionate on histochemical
reactions of epithelium of the rat ductus epididymis. Anat
Rec 1958; 132:209-229.
Chappel SC, Ellinwood WE, Huckins C, Herbert DC, Spies HG.
Active immunization of male rhesus monkeys against lu-
teinizing hormone releasing hormone. Biol Reprod 1980;
22:333-342.
Clermont Y, Harvey SC. Effects of hormones on spermatogen-
esis in the rat. Ciba Found Colloq Endocrinol 1967; 16:
173-196.
Connell CJ, Christensen AK. The ultrastructure of the canine
testicular interstitial tissue. Biol Reprod 1975; 12:368-382.
Dahl E, Kjaerheim A. The ultrastructure of the accessory sex
organs of male rats. II. Post-castration involution of the
ventral, lateral and dorsal prostate. Z Zellforsch Mikrosk
Anat 1973; 144:167-178.
DePalatis L, Moore J, Falvo RE. Plasma concentrations of tes-
tosterone and LH in the male dog. J Reprod Fertil 1978;
52:201-207.
Desjardins C, Ewing LL, Irby DC. Response of the rabbit sem-
iniferous epithelium to testosterone administered via poly-
dimethylsioxane capsules. Endocrinology 1973; 93:450-460.
Dym M, Madhwa Raj HG. Response of adult rat Sertoli cells
and Leydig cells to depletion of luteinizing hormone and
testosterone. Biol Reprod 1977; 17:676-696.
Ewing LL, Zirkin BR, Cochran RC, Kromann N, Peters C, Ruiz-
Bravo N. Testosterone secretion by rat, rabbit, guinea pig,
dog and hamster testis perfused in vitro: Correlation with
Leydig cell mass. Endocrinology 1979; 105:1135-1142.
Falvo RE, Vincent DL, Cathrod JC, Toenjes A. Effects of tes-
tosterone and testosterone propionate on luteinizing hor-
mone secretion in the male mongrel dog. Biol Reprod 1979;
21:807-812.
Fawcett D, Hoffer A?. Failure of exogenous androgen to pre-
vent regression of the initial segments of the rat epididymis
after efferent duct ligation or orchiectomy. Biol Reprod 1979;
20:162-181.
Foote RH, Swierstra EE, Hunt WC. Spermatogenesis in the
dog. Anat Rec 1972; 173:341-352.
Fraser HM, Gunn A, Jeffcoate SL, Holland DI. Preparation of
antisera to luteinizing hormone-releasing hormone. J En-
docrinol 1974a; 61:ix-x.
Fraser HM, Gunn A, Jeffcoate SL, Holland DT. Effect of active
immunization to luteinizing hormone releasing hormone
on serum pituitary gonadotrophins, testes and accessory
sex organs in the male rat. J Endocrinol 1974b; 63:399-406.
Jones R, Glover TD. The effect of castration on the composition
of rabbit epididymal plasma. J Reprod Fertil 1973; 34:405-414.
Karnovsky MJ. A formaldehyde-glutaraldehyde fixative of high
osmolality for use in electron microscopy (abstract). J Cell
Biol 1965; 27:137.
Kerr JFR, Searle J. Deletion of cells by apotosis during castra-
tion-induced involution of the rat prostate. Virchows Arch
[Cell Pathol] 1973; 13:87-102.
Maneely RB. The effect of bilateral gonadectomy on the his-
tology and histochemistry of the surviving epididymis in
rats. Acta Anat 1958; 32:361-380.
Means AR. Biochemical effects of FSH on the testis. In: Greep
RO, Astwood EB, eds. Handbook of physiology, vol 5, sect
7. Baltimore: Williams & Wilkins, 1975; 203-218.
Means AR, Fakunding JL, Huckins C, Tindall DJ, Vitale R.
Fofficle stimulating hormone, the Sertoli cell and spermato-
genesis. Recent Prog Horm Res 1976; 32:477-527.
Orth J, Christensen AK. Autoradiographic localization of spe-
cifically bound WI-labeled follicle-stimulating hormone on
spermatogonia of the rat testis. Endocrinology 1978;
103:1944-1951.
Paulsen CA, Espeland DH, Michals EL. Effects of HCG, HMG,
HLH and HGH administration on testicular function. Adv
Exp Med Biol 1970; 10:547-562.
Price D, Williams-Ashman HG. The accessory reproductive
glands of mammals. In: Young WC, ed. Sex and internal
secretions. Baltimore: Williams & Wilkins, 1961; 366-448.
Ramos AS, Dym M. Fine structure of the monkey epididymis.
Am J Anat 1977; 149:501-532.
Robertson IS, Wilson JC, Fraser HM. Immunological castration
in male cattle. Vet Rec 1979; 105:556-557.
Schanbacher BD. Responses of ram lambs to active immuni-
zation against testosterone and luteinizing hormone re-
leasing hormone. Am J Physiol 1982; 242:E201-E205.
Schanbacher BD, English HF, Gross D, Santen RJ, Walker MF,
Falvo RE. Animal model of isolated gonadotropin defi-
ciency: I. Hormonal responses to LHRH immunoneutral-
ization. J Androl 1983; 4:233-239.
Shiota K, Takahashi M, Suzuki Y. Testicular function of actively
immunized male rats with LH releasing hormone (LHRH):
A possible role of prolactin on regulation of spermatogen-
esis. Endocrinol Japon 1981; 28:521-534.
Steinberger E. Hormonal control of spermatogenesis. Physiol
Rev 1971; 51:1-22.
Weibel ER. Stereological principals for morphometry in electron
microscopic cytology. mtRev Cytol 1969; 26:235-302.
Weibel ER, Bolender RP. Stereological techniques for electron
microscopic morphometry. In: Hayat MA, ed. Principles
and techniques of electron microscopy, vol 3. New York:
Van Mostrand Reinhold, 1973; 237-296.
Yokoyama M, Chang JP. An ultracytochemical and ultrastruc-
tural study of epithelial cells in ductuli efferentes of Chinese
hamster. J Histochem Cytochem 1971; 19:766-774.
